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ABSTRACT

After noting the high levels of background current in
the Main Body Airglow Photometer on 0GO-II, a Polar
Orbiting Geophysical Observatory, a series of laboratory
tests were made to indicate the sources of interference
and methods of prevention. Tests with 2.6 M8V electrons
confirmed that such electrons in space could account for
the observed signals. Other tests were made which (1)
showed that the most sensitive portion of the photometer
was the cathode-window combination in the photomultiplier,
(2) indicated the effectiveness of various methods of
shielding, and (3) studied the presence and decay time of
radiation-induced phosphorescence. Further laboratory
tests confirmed that a similar OPEP photometer on the same
satellite, with a different photomultiplier, a more limited
spectral range, and greater shielding, was relatively

insensitive to the same environment.

vii




INTRODUCTION

Two photometers for the purpose of monitoring the
earth's airglow in several different spectral regions were
placed in orbit October 14, 1965 on the second Orbiting
Geophysical Observatory, OGO-II. The orbit was nearly polar
(87.4° inclination) with apogee near 1500 km and perigee
near 400 km, One instrument, the Main Body photometer,
measured the airglow below the spacecraft through six
different optical filters and above through one filter. The
second instrument, the OPEP photometer, scanned the airglow
horizon at 6300 A,

It was soon noted that there was a large variable back-
ground (dark current) in the Main Body photometer data. The
effect was largest at low latitudes when at altitudes near
1500 km, with additional relatively narrow maxima between
50° and 60° geomagnetic latitude. These corresponded to
the lower part of the inner zone of trapped radiation and
the low altitude portions of the outer zone respectively.

At the same locations, the background current in the OPEP
photometer data also increased, but the effect was about
five orders of magnitude less than in the Main Body data.

It is the purpose of this report to summarize the
laboratory data that was accumulated that had some bearing
on this problem. Both the tests made prior to flight and

the special tests made to identify the problems on OGO-II




g,

are described. A thorough discussion and explanation of
the observed effects in both flight and laboratory data

is to be the subject of a later report.
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OBSERVED EFFECTS OF TRAPPED RADIATION

The Main Body photometer was located such that it
looked through openings on both the skyward and the earth-
ward side of the spacecraft, as shown in Figure 1. The
photometer used a single photomultiplier with an arrange-
ment of mirrors and filters such that various wavelength
regions between 2500 and 6400 A were observed successively.
The photomultiplier is an EMR Type 541E-05M, a one-inch
diameter end-on tube with a tri-alkali cathode on a
sapphire window, The multiplier was of the venetian blind
type with silver-magnesium dynodes. It was sealed in a
fiberglass cylinder with silicone rubber, and mounted in a
magnesium housing in the photometer. The internal arrange-
ment of the photometer is shown in Figure 2. The external
windows were Corning 7940 (UV grade) and the lenses were of
Suprasil (quartz). Between the objective lens and the
external window of both the earth (+Z) and anti-earth (-Z)
directions was a shutter of the leaf type. The mirrors
were beryllium with a front surface coating of aluminum
over Kanigen. The filters were of the interference type
with appropriate blocking glasses.,

Typical shielding to the photomultiplier that was
provided by the spacecraft is indicated in Figure 3, which

shows the amount of material between the photomultiplier
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and outer space in the X-Y plane of the spacecraft. In
other planes, the shielding is greater than the minimum
thickness in theX-y plane.

The Main Body photometer was operated with a high
voltage power supply set at 2900 v , resulting in a
multiplier gain of 2.7 x 106. The anode current was sensed
with dc electrometer circuitry and converted to appropriate
levels for telemetry. The design included a feedback loop
so that when the anode current rose above 4 x 10"7 amp, a
signal was generated which decreased the voltage output of
the high voltage power supply, reducing the gain of the
multiplier, and limiting the anode current to about 5 x 10-7
amp. A block diagram of the photometer is shown in Figure 4, }

In orbit, the background current, that is, the current
when the shutters were closed, ranged from a minimum of

5 x 10—16

amp from the photocathode to occasionally more
than the full scale value of 3.3 x 1072 amp, Not infre-
quently, this was orders of magnitude more than the current
from the light we were attempting to measure, This extraneous
current was not a simple increase in dark current level, but
consisted of a multitude of pulses and tended to persist
after the radiation levels had decreased.

It was noted that the output of the high voltage power
supply increased with time for both the Main Body and OPEP

photometers. It was concluded that this was due to radiation
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Fig. 5 - A cut-away view of the OPEP photometer with shading
added to indicate the light path,
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damage to a transistor resulting in a change of beta in
the amplifier controlling the power supply.

The only other effect of radiation noticed on the
Main Body Photometer was_in the circuitry for control of
the shutters. Apparently the background current in a
photodiode (Texas Instrument Type 2175) increased
appreciably, so that occasionally the circuit would close
the shutters, even though external light levels were well
within the range of the photomultiplier.

The OPEP photometer (see Figures 5 and 6) was for the
purpose of measuring the altitude distribution of the red
atomic oxygen airglow at 6300 A, This instrument was
located in the Orbital Plane Experiment Package (OPEP) and
scanned across the earth's horizon. (See Figure 1.)

In orbit, unlike the Main Body photometer, the presence
of energetic particles resulted in a current of no more than
6 X 10"15 amp in terms of photocathode current from the OPEP
photometer. This was probably due to one or a combination
of several things: (a) the use of a side window photo-
multiplier (EMR Type 641E) in which the optical coupling
between the window and the cathode is inefficient, the
cathode being behind but not on the window, (b) window
material of a glass (CS-7056) which absorbs in the ultra-

violet region where Cerenkov radiation is a maximum, (c)
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dynodes of CuBe instead of AgMg, and (d) shielding of the
photocathode with .12 te .20 inches of aluminum over .08
inch of tungsten, in addition to shielding provided by
the remainder of the photometer and OPEP package.

After a look at the data obtained during the first
ten days in orbit, it was obvious that for O0GO-D, steps
should be taken to reduce the response of the Main Body
photometer to energetic particles. Laboratory experiments
described in this report were then performed to assist in
the redesign of the 0OGO-D photometer. These efforts were
limited since decisions had to be made and implemented in

a matter of a few months,
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TESTS AT GRUMMAN AIRCRAFT CORPORATION, NOVEMBER 1965

In order to investigate the effects of energetic
electrons on the Orbiting Astronomical Observatory (OAO)
star tracker, a Van de Graaff accelerator at the Grumman
Aircraft Corporation at Bethpage, New York was used.
Studies by OAO Projeét personnel had indicated that the
effects of trapped radiation of the inner artificial belt
could be simulated by a monoenergetic beam of electrons at
2.6 MV, Reference 1, discussing this electron belt in
connection with OGO I, launched Sept 5, 1964, gives a flux for

center of the belt of 108

electrons/cm® sec with energies
greater than 0.5 MeV, The energy spectrum is such that the
number of electrons with energies greater than 6 MeV is
negligible. Because of certain similarities in orbit and
technique between the OAO star tracker and the OGO-II airglow
photometers, we were invited to test duplicates of the 0GO-II
photometers in order to see if the effects observed in orbit
could be reproduced at this facility.

For these tests, the "optical models'" of the photo-
meters were used. These were similar to the photometers in
O0GO-II with minor differences in the mechanical mechanisms,
in the design of the digital circuitry, and in various
voltage settings. Compromises made during their construct-
ion and testing precluded them from being of flight quality.

Table I gives a comparison of the characteristics of the

the
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Main Body optical model with that of the OGO-II instrument.
The photometers were placed in a cylindrical vacuum
tank about three feet in diameter. The tank was pumped
with mechanical and oil diffusion pumps (no cold trap) and
all tests were conducted at pressures between 1 x 10_4 and
1 x 10—5 mm Hg. The photometer to be tested was mounted
at one end of the tank on a plate which was perpendicular
to the electron beam, resulting in an arrangement as
illustrated in Figure 7. The electron beam in the vicinity
of the photometer had a diameter of ten inches and a flux
density, as measured with a Faraday cup, which could be set

5

in the range between 6 x 10~ and 1.8 x 108 electrons cm™2

sec'l, The technique used to adapt the Van de Graaff
facility for these environmental studies is described in

Reference 2,
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Fig. 7 - Location of the electron beam from the Van de Graaff
accelerator with respect to the Main Body photomete? under test.
The arrows indicate the direction of the corresponding space-

craft coordinates.
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The effectiveness of aluminum shielding

Large pieces of aluminum sheet of various thicknesses
were placed in the path of the electron beam as indicated in
Figure 7. The increase of anode current from the photometer
divided by the gain of the multiplier is arbitrarily regarded
as due entirely to photoelectrons. This photoelectron current
divided by the flux of the beam is taken as a measure of the
response of the photometer to energetic particles. As might
be expected, t he response is an exponential function of the
thickness of the shielding, and is shown in Figure 8., The
data upon which this graph is based is given in Table 1 of
the Appendix.

At this point it was interesting to cross check the
Van de Graaff as a simulator of the inner artificial belt.
Since the optical model had about 1/3 the sensitivity of the
instrument in orbit, the equivalent cathode current of the
belt might be taken as 1.1 x 10_9 amp., Letting 0.08 in.
aluminum simulate the spacecraft skin and using Appendix
Table 1 and Figure 8, the background current of the belt is
reached at 5 x 107 electrons/cm2 sec, monoenergetic at 2.6
MeV. This a in fair agreement with the flux of 108 electrons/
cm2 sec with energies greater than 0.5 MeV, calculated for
0GO-I. If belt decay is taken into account, the agreement is

surprisingly good.
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The luminescence of the OGptics

In order to determine whether the extraneous back-
ground current was due to the effects of the electron bean
on the photomultiplier or to a luminescence of the field
lens, an aluminum disk, 1/8 inch thick, was placed as a
light stop, as shown in Figure 9., To minimize the effects
in the photomultiplier, a 1/4 inch thick cylinder of lead
was placed as shown. To represent the shielding provided
by the spacecraft, a 1/16 inch thick aluminum sheet was
placed in the path of the beam., Measurements made with and
without the light stop (see Table 2 of the Appendix)
indicated that the photocurrent due to luminescence of the

lens and its immediate vicinity was negligible.
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Fig. 9 - Placement of light stop and lead shielding so as to
detect luminescence of the field lens.
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Response of the photomultiplier

The results of the preceding test indicated that
suprasil field lens was not a major source of light when
under particle irradiation., The inflight calibration cycle
included a zero level which measured the output of the
electrometer and associated electronics without the signal
input from the photomultiplier, This zero level remained
constant under all conditions, thus eliminating the
electronics circuitry as a radiation sensitive area. Since
each filter is made with a different type of glass, and in
one position, the "filter'" is a solid metal plate, it would
be expected that the response would be quite dependent on
mirror position if the filters or the objective.lens and
window were important sources of light. Data from OGO-II
indicated that the value of the extraneous background
current was independent of mirror position. Hence the
sensitive component must be the photomultiplier.

To indicate which part of the photomultiplier was
most sensitive, i.e., the dynodes or the photocathode, the
following tests were performed.

As in the preceding test, the light stop remained in
place in front of the photomultiplier and a 1/16 in. sheet
of aluminum was used to simulate the shielding provided by

the spacecraft. A lead sheet 1/4 inch thick was placed

around the photomultiplier in the various positions indicated
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in Figure 10. The results are as follows (also see Table 3

in the Appendix)

Portion covered by lead Photoelectrons/electrons cm™2
Cathode, dynodes #l1 and #2 2.0

Cathode, dynode #1 2.0

Cathode 24

Dynode #l1 and #2 530

From these tests, it is apparent that the bulk of the
response of the photomultiplier is due to the photocathode and
the window upon which it is deposited. 1In our experiments,
no effort was made to further isolate the contribution between
window and cathode. It should be noticed that for the more
common soda lime glass envelopes the luminescence of the glass
proved to be the major contributer under y and x-ray excitation

(Ref. 3).
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Fig. 10 - Placement of a lead shield over various parts of the
photomultiplier.
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Various shielding configurations

The next problem was to develop some insight as to what
type of shielding was both effective and light in weight. It
was noted from the comparison of the results of the earlier test
using aluminum and lead, the aluminum and lead were about equal
in effectiveness for equal thicknesses of material. It was
suggested that a combination of high and low density materials
would be more effective than either alone. With the light stdp
still in place, tests of shielding as indicated in Figure 11.we;e made:
(Detailed data is in Table 4 of the Appendix). -

SHIELDING PHOTOCATHODE CURRENT
T 7 BEAM FLIX

A. .062" aluminum over whole beam
.062" tungsten over cathode and
dynodes 1 and 2 220

B. .062" aluminum over whole beam
.125" tungsten over cathode and
dynodes 1 and 2 220
C. .062" aluminum over whole beam
.125" aluminum over cathode and
dynodes 1 and 2
.096" tungsten over cathode and
dynodes 1 and 2 220
D. .062" aluminum over whole beam
.125" aluminum from dynode 2 to
optics cage
.096" tungsten over cathode and
dynodes 1 and 2 ’ 1.4

The first three tests in this series show only a
slight reduction in radiation induced signal below what would
have been expected with a .062" aluminum shield alone. But in

the fourth test, where a thick shield extended well in front
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Fig. 11 - The various arrangements of shielding that were tested.



-26-

of the cathode, protecting against scattered electrons, there is
a pronounced reduction in the radiation induced signal.
In addition to these tests at Grumman the GSFC Van de Graaff
was used to measure the effectiveness of a quartz plate in front
of the photomultiplier window. This test is discussed at the
end of the section on window materials,

Response of the OPEP photometer

The Main Body photometer was removed from the tank, and
tests were made with the OPEP photometer. In order to find in
which direction the photometer was most sensitive to energetic
electrons, each of five sides of the photometer were irradiated
and the response measured. To simulate the OPEP container,

a sheet of aluminum, 0.32" thick, was placed in the path of the
beam, except, of course, on the side with the large open window.
The results are indicated in Figure 12 where the length of the
axes represents the sensitivity to energetic electrons in that
direction, (Also see Table 5 of the Appendix.) Because the
OPEP mounting plate is 0.5 inches thick, it is estimated that
the sensitivity in that direction (-Z) is small, as indicated.

The result of this test is consistent with the observations
in orbit, namely, that the response of the OPEP photometer to the
trapped radiation is about four to five orders of magnitude less
than for the Main Body photometer,

It was desired to measure the sensitivity to emnergetic
electrons of photomultipliers with AgMg instead of CuBe dynodes.

To do this, photomultipliers of the two types of construction
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were installed in the OPEP photometer, and the sensitivity
measured with the open door (+X axis) facing the beam. Two of
the tubes were of the same type with CuBe dynodes and a tri-
alkali cathode. The third had AgMg dynodes and a CsSb cathode.
All three tubes had 14 stages and were operated with the high
voltage power supply set at 1800v.

"Photocathode current', given in Table 6 in the Appendix,
was obtained by dividing the measured anode current by the gain
of the multiplier as measured by the manufacturer prior to potting
the photomultiplier in its fiberglass sleeve. The CuBe tubes
were about two years old, the AgMg tube, three years. The
apparent result, that AgMg dynodes are 2 to 4 times more sensitive
to energetic electrons than are CuBe dynodes, is not conclusive
because part of the difference may be due to changes in gain with

age and part due to the difference in cathode composition,
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TESTS OF VARIOUS PHOTOTUBE WINDOW MATERIALS

As a result of the tests at Grumman Aircraft Corporation,

it appeared that much of the extraneous current was due
to the interaction of the energetic particles with the
window material and the photocathode.. As the energetic
particles pass through the window, part of their energy
loss appears as Cerenkov radiation and bremstrahlung; another
part of their energy loss is by ionization and excitation
collisions, with some of this energy appearing as fluorescence
and phosphorescence. Secondary electrons and X-rays
originating in nearby parts of the spacecraft would have
similar effects,

While it would have been interesting to have made a
thorough study of the intensity, spectra, and decay of
the luminescence of various window materials irradiated
by a wide spectrum of electron energies, resources were
not available to do this. Hence, some early experiments
involving energetic electrons were reviewed and some
additional tests were made with the GSFC Van de Graaff
accelerator. The pertinent results are summarized in the
following section.

Excitation by electron microscope

Observations of electron excited luminescence in
quartz and sapphire have been made at GSFC by A. G. Eubanks
and T. D. Sciacca of the Materials Research and Development
Branch. An electron microscope was used to provide a beam

with a flux of 108 electrons cm'2 sec_1 at 50 KeV. As in
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Figure 13, ( also Reference 4), the sample was mounted at

45 degrees to the incident beam and the resulting luminescence
was viewed by a photomultiplier tube at right angles to

the electron beam. The photomultiplier viewed the sample
through a quartz window in the microscope housing. Results

were as follows in terms of relative intensity:

Material Relative Luminescence
Corning 7940, uv grade 1.0
Sapphire 2.1
Suprasil 1.1

Detailed spectral measurements were not made. The
photomultiplier, an EMI 6526B, with a semi-transparent
CsSb cathode and a fused silica window, and the quartz
window in the microscope housing restricted the observations
to the wavelengths longer than 1800A. Tests with several
long-pass filters showed that all of the light was at
wavelengths shorter than 41004,

When the measurement of absolute intensity was made,
the quartz window was no longer available, and the samples
had to be observed through a lead-doped glass window. The
absolute brightness for the luminescence of sapphire

-1l atts cm—z steradian-l.

between 3500 and 4100A was about 10
Tests with several short-wavelength cut-off filters showed
about 60% of this energy was at wavelengths shorter than
3800A.

Excitation by radioactive beta source

A comparison between luminescence of sapphire and
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Suprasil can be made from an ultraviolet source wed at
this laboratory as an aid in low brightness calibrations
(see Figure 14). The excitation is a radioactive 1

millicurie strontium-90 beta source. Maximum Sr90 beta

energy is 545 KeV; Y90 beta energy is 2.26 MeV; Y strength
is 1.74 MeV with a flux of 6 x 102 y/cmZ.

When the front face of the source, 1/4 inch square,
is placed behind and against suprasil or sapphire, our
photometer measured the radiances as given below, Each
wavelength region was measured with an interference

filter, with the center wavelength and bandpass indicated.

Brightness is in watts em~2 steradian™t per 100A.

Wavelength Bandpass Suprasil Sapphire
26004 1984 2.4 x 10712 1.6 x 10711
39144 434 .90 x 10”12 .17 x 1074
55774 504 .26 x 10712 018 x 101!
58904 50A .28 x 10712 .0066 x 10 11
6225A 514 neg. .28 x 10711
63004 50A neg. .37 x 107!

With an interference filter removed, the total radiance
between 1800A and 6300A could be determined approximately,
assuming constant spectral responsivity for the
photomultiplier. The values thus obtained are 6.70 x 10—11
watts cm™ 2 steradian~! for suprasil and 3.8 x 10710 yatts
cm_2 s‘ceradia\.n"1 for sapphire. The maximum brightness

is apparently at wavelengths shorter than 2600A, as would

be expected from theory (Ref. 5).
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Excitation with Van de Graaff accelerator

To further investigate the luminescence of various window
materials, arrangements were made to use a Van de Graaff accelerator
at GSFC. The accelerator was set to produce a beam of electrons
of 1.25 MeV energy, the maximum possible. The beam was directed
on the samples located in a vacuum tank, A comparison of the
relative brightness in the spectral region between 1600 and
6300A was made with an EMR type 541E-05M photomultiplier, also
placed within the vacuum tank.

The test samples, with a metal mask of 1 cm2 opening, were
placed one at a time in the vacuum tank, . (See Figure 15)

Lead bricks were placed between the photomultiplier and the
accelerator to reduce the background which apparently was due
to stray x-rays. Three different samples of sapphire and five
of quartz were tested, with the general conclusion that quartz
emits about 0.7 as much light as does sapphire. For detailed
data, see Table 7 of the Appendix.

When the accelerator beam was turned off, the signal decayed
at a rate, which between 20 and 250 seconds can be described

by a curve of the form, 0.5

= at + b, where I is the observed
apparent intensity, t is the time, and a and b are constants,
The data presented in Figure 16 are typical, Since this

is appreciably above the background observed when thereis no
sample in the holder, it cannot be a characteristic of the
surroundings. All samples were washed in ethyl alcohol prior

to placement in the vacuum chamber; pressures were typically

in the region of 10-% Hg. It is possible that some portion
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Fig 16 - The rate of decay of luminescence for various materials
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of the observed luminescence originated in surface films.
PERFORMANCE OF OTHER PHOTOMULTIPLIERS ON OGO SPACECRAFT

Several other photomultipliers have flown in spacecraft
for various reasons. Wolff (Ref. 1) reports on an image dissector
on OGO-I with a tri- alkali (S-20) cathode deposited on a thin
curved window of Corning 9741 uv transmitting glass. With a
minimum shielding of 1.2 gms/cm2 he noted a maximum of 1.3 x 10°
counts/sec—cm2 when passing through the radiation belt. This
is comparable to the response of our OPEP photometer.

Also on OGO-1I were two EMR photomultipliers in the UV
airglow spectrometer of Barth (Ref. 6). These photomultipliers
were very similar in construction to that in our Main Body
photometer except for window and cathode. One had a CsI
cathode on a 3/8 in., diameter LiF window; the other had a CsTe
cathode on a 1 in, diameter sapphire window. The tube with the
sapphire wiﬁdow was about 220 times as sensitive to the radiation
belts as was the other tube. The spectral responses of these

cathodes and transmission curves of the windows are included

in Ref, 7,
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DESIGN CONSIDERATIONS RELATING TO ENERGETIC PARTICLES

The observations reported here and elsewhere in the literature
(Ref. 8 lead to the recognition of the dangers of energetic
particles as a cause of loss of transmission and of luminescence
in optical systems for space use. Both Hennes and Dunkelman
(Ref. 9) and Wolff (Ref. 1) list many references discussing
these effects.

The transmission is especially important in the optical
elements directly exposed to the radiation. Many, if not most,
materials develop absorption bands under exposure to radiation,
with certain glasses being far more sensitive than quartz or
sapphire. Haynes and Miller (Ref.10) and Heath and Sacher (Ref.
11) investigated the darkening of optical window materials of
particular interest to the instrument designer and under typical
irradiation for prolonged exposure to the radiation belts,

Secondly, all materials will luminesce under irradiation.
Since the flux and spectra of the secondary electrons and x-rays
at a specific point within the spacecraft is difficult to predict,
it is hard even to determine what tests should be made to check
the relative luminescence of various materials, Especially in
the ultraviolet, Cerenkov radiation is important, and makes
sapphire with its relatively high index of refraction undesireable.
Jelley (Ref. 5) is a practical summary of the characteristics
and uses of this phenomenon. Mirror surfaces present another
set of problems, although aluminum overcoated with MgF,

appears to be satisfactory for many purposes (Ref. 12).
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Careful attention must be given to the window of the
photomultiplier. When one considers the proportion of
photons which originate in the window and envelope and pass
through the photocathode, the arrangement in the EMR side
window version is more desireable than that of a semi-transparent
cathode on an end window. When one considers Cerenkov
radiation, a low index of refraction and as high a value for
the short wavelength cut-off as the application permits are
desireable. However, the difficulty in making a compact seal
between quartz and the envelope of the photomultiplier can
make it necessary to use sapphire. With end window tubes,
a small effective cathode is desireable, as is inherent in
most applications of image dissectors. In any case, adequate
shielding of the photomultiplier window and cathode is

important,
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MODIFICATIONS TO THE MAIN BODY PHOTOMETER

In the Main Body photometer, the principal problem was the
effects of energetic particles on the photomultiplier. While
it would be desireable to replace the sapphire window with a
quartz window (which would also have adequate transmission at
2500A, the shortest wavelength of interest), it was not possible
to readily obtain such a photomultiplier that would fit in the
space available.

The next best approach is to shield the existing window
adequately. To shield along the optical axis, a piece of dynasil,
.084'" thick was used. To check the effect of this, such a
piece was placed .08" in front of the photomultiplier, and
the assembly placed in the vacuum tank so that it faced the 1.25
MeV electron beam from the van de Graaff accelerator. With no
electron beam, the dark current in terms of photocathode current

was 3 x 10-18 amp; with a beam flux of 6 x 106 electrons cm_2

sec"1 the photocathode current was 2,7 x 10"13 amp; and without

the dynasil shield, 4.8 x 10”11 amp.

To shield at right angles to the optical axis, the housing
for the photomultiplier was redesigned as shown in Figuresl?
and 18, In addition to the dynasil shield in front of the
photomultiplier, tungsten, .040" thick, and aluminum, .234"
thick, were placed around the photocathode and window.

The photometer was taken to the Van de Graaff facility at
the Grumman Aircraft Corporation, and tested under conditions

similar to the first series of tests at this facility, in a

vacuum tank with a beam of 2.6 MeV electrons. A second set of
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tests were also made with the same photometer, but with the

0ld housing., The spacecraft was simulated with sheets of aluminum
of various thicknesses. From these data, it appears (Table 8
of the Appendix) that the new housing reduced the sensitivity
of the photometer to these electrons by a factor of at least
100.
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APPENDIX

LIST OF TABLES

1.

2,

Effect of aluminum shielding

Luminescence of the optics

Response of the photomultiplier

Various shielding configurations

Response of the OPEP photometer

Comparison of photomultipliers with different dynodes.
Relative brightness of different window materials in
a 1,25 Mev electron beam,

Improved photomultiplier housing.




Beam Flux

TABLE 2

LUMINESCENCE OF THE OPTICS

(electrons Photocathode current (amperes)
em~2sec™) Without Light Stop With Light Stop
6 x 10° 6.8 x 10713 6.1 x 10713

3 x 107 3.4 x 10712 2.7 x 10712

6 x 10° 6.8 x 1072 6.8 x 10712
1.2 x 10° 1.4 x 10711 1.4 x 1071

Table 2 - Further data from the tests in which 2.6 Mev
electrons irradiated the Main Body Photometer. A light
stop was placed hetween the photocathode and the nearest
optical element of the photometer.
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